ABSTRACT: In the present study, we examined the variation in composition and biomass of epiphyton growing on the bulrush Schoenoplectus californicus in a pampean lake that passed through a turbid-and a clear-water period within an annual cycle. Monthly sampling was performed year-round at the center and periphery of a bulrush stand. We measured the physicochemical parameters in the water column using standardized field and laboratory methods. The epiphyton was sampled by sectioning bulrush stems into segments for pigment analysis, abundance measurements, and biovolume quantification. Two different types of communities were observed during the annual cycle. In the turbid-water period, epiphyton biomass and diversity remained low despite sufficient levels of phosphates. An abrupt increase in epiphyton biomass, along with structural changes in the community, occurred after an improvement in water transparency, suggesting that the epiphyton was strongly dependent on underwater light conditions. Differences in epiphyton composition and biomass between the center and the periphery of the bulrush stand were negligible. We conclude that the availability of colonizing surface is not a relevant driver for the colonization and growth of these epiphyton assemblages. The epiphyton in pampean lakes may remain stable and resilient for relatively long periods, even when confronted with environmental perturbations, and changes in these communities will only occur in relation to radical alterations in light and nutrient availability. 
INTRODUCTION
The role of substrate-associated communities as fundamental components of aquatic ecosystems is recognized (Strayer & Likens 1986 , Boero et al. 1996 , Goldsborough & Robinson 1996 , Polis et al. 1997 , Vadeboncoeur et al. 2002 , Schindler & Scheuerell 2002 , Vander Zanden et al. 2006 . Over the past 30 yr, various authors have investigated periphytic community structure and dynamics over space and time in temperate lakes (Cattaneo & Kalff 1980 , Jones & Mayer 1983 , Kairesalo 1983 , Roos 1983a ,b, Albay & Akcaalan 2003 , Liboriussen & Jeppesen 2006 , Poulícková et al. 2006 ) and in subtropical lakes (Meerhoff et al. 2007 , Sánchez et al. 2010 , Rodríguez et al. 2011 . A few studies examining the relationships between epiphyton and water quality have also been carried out (Hansson 1992 , Lowe 1996 , Romo & Galanti 1998 . In the pampean region, only a few studies investigating periphytic communities in shallow lakes , Dos Santos et al. 2008 , Sánchez et al. 2010 ) have been conducted during the last decade.
In pampean lakes, the emergent macrophyte Schoenoplectus californicus (Meyer) Soják (herein after referred to as 'bulrush') provides a more con sistent substrate for periphyton colonization than submerged macrophytes. Batter may decline during the winter and thus constitute a seasonal substrate. Bulrush is a fundamental component of the shallow lakes, extending from southern North America to the Patagonia region (Tur & Rossi 1976) . Cano et al. (2008) and have shown that in Lacombe Lake (a shallow pampean lake), the epiphyton growing on emergent and submerged macrophytes is the greatest contributor to the total algal biomass, when expressed relative to the lake surface area. Epiphyton was found to account for 53 to 94% of the total algal biomass in summer, in contrast to the lower biomass of phytoplankton and epi pelon . Thus, epiphyton can be considered a key component within the ecosystem of pampean shallow lakes in terms of algal primary production.
Two different states or phases of stable equilibrium, sensu Scheffer et al. (1993) , were recognized in Lacombe Lake during this year-long study ). Phase 1, the organic-turbid phase, extended from winter to early spring (July through September) and was characterized by the absence of submerged macrophytes along with high turbidity levels due to elevated phytoplanktonic densities. Phase 2, a clear-water phase, was detected subsequent to heavy rainfalls in October; after this precipitation, the nutrient concentrations increased, and the submerged macrophytes developed. Cano et al. (2009) described a third phase, characterized by a high water transparency and an extensive reduction in the coverage area of submerged macrophytes, especially in the center of the lake, following heavy rainfall in March.
The basic ecology of phytoplankton and epi pelon in Lacombe Lake has already been described ). Changes in the phytoplankton community closely followed the variations in the ecosystem, passing through the 3 states, but the epipelon remained in a constant condition, always dominated by shade-tolerant algae ). Variations in the abundance and comosition of the epiphyton of Lacombe Lake in relation to seasonal changes and the 3 phases described above has, however, not yet been investigated.
In the present study, we analyzed the composition and examined the response of the epiphyton community to changes in environmental variables within the context of the alternating stable states of Lacombe Lake over 1 yr. We hypothesized that the epiphyton as a whole is primarily influenced by abiotic variables and would thus closely reflect the changes occurring within the ecosystem.
MATERIALS AND METHODS

Study site
Lacombe Lake (35°50' S, 57°53' W) is located in the province of Buenos Aires in a pericoastal zone that extends into the pampean region. Lacombe Lake is a shallow eutrophic seepage lake, almost circular, covering 130 ha of surface area (Fig. 1) . During the sampling period, from July 2001 through June 2002, the maximum and minimum depths were 2.5 and 1.7 m, respectively (the mean depth from the 12 monthly depth measurements was 2.2 m). More information has been detailed by Cano et al. (2008) and Casco et al. (2009) . Most of the lake area is colonized by dense stands of emergent bulrush Schoenoplectus californicus and the submerged macrophytes Stuckenia striata (Ruiz & Pavon) Holub and Myriophyllum quitense Kunth ). The lake is exposed to a marginal degree of human disturbance through sport fishing and low-density cattle breeding.
Sampling methods
Sampling was performed every 4 wk at 2 sites ( Fig. 1) : Stn 1 at the center of a bulrush stand and Stn 2 at the periphery of the emergent-macrophyte beds. These sampling points differed mainly in the density of stems. Stn 1 had a higher density and a lower degree of exposure to environmental variables (predominantly wind and wave action) than Stn 2.
At each sampling station, the chemical and ]) along a 5-level depth profile were recorded with a Horiba U 10 multiparametric sensor. We also collected water samples for chemical analysis and phytoplankton/chlorophyll a (chl a) quantification along this same profile and estimated the water transparency with a Secchi disk. The data for water turbidity, together with total suspended solids and macrophyte abundances, were used to characterize the light climate within the water column.
The bulrush density (stems m -2
) and the cover (%) of submerged macrophytes were estimated from observations carried out in 10 random 1 m 2 areas on each sampling occasion and at each site. The average surface that a bulrush stem can provide to the epiphytes for their establishment was represented as the submerged-epiphyte colonization surface (SECS) per stem. This value was calculated using the formula for the area of the frustum of a right cone.
All of these methods, together with the techniques for the laboratory analyses of total suspended solids, particulate organic matter, total phosphorus (TP), soluble reactive phosphorus, total inorganic nitrogen, re ac tive silica, and planktonic chl a have been detailed by .
Epiphyton sampling and processing
We sampled for epiphyton by cutting 4 bulrush stems into 7 cm sections in a fixed 7-level discontinuous vertical profile, beginning at the first centimeter below the surface of the water (using 4 replicate stems at each level). We selected by visual inspection only fully developed, non-senescent bulrush stems that had not been damaged by fungi or invertebrates. Every sample was placed in a flask with potable (municipal) tap water, transported to the laboratory at 5 to 8°C in the dark, and thereafter stored under the same conditions until analysis the following day.
Two replicates from each section were used for photosynthetic-pigment quantification and the other 2, fixed with 4% (v/v) aqueous Formalin™, were used for the quantification of epiphyte abundance and biovolume. Periphytic algae were scraped with a cover slip into a Petri dish. The slurry obtained from the 2 replicates of each section was filtered through Whatman GF/C filters in the dark, and the pigment extraction was carried out with 90% (v/v) aqueous acetone. Spectrophotometric measurements were taken before and after acidification, as detailed by Cano et al. (2008) . The chl a and phaeopigment concentrations were calculated according to Varela (1981) . A pigment index was used to estimate the physiological condition of the algae (Ramírez 2005) and was de fined as the quotient [(chl a concentration)/(chl a concentration + phaeopigment concentration)] × 100, with the result expressed as a percentage.
The microscopic quantification of epiphytes involved 2 different preparative methods.
(1) For single-layered communities, after a thorough description was made of the appearance of the communities under a stereoscopic microscope, the epiphytes were scraped off into a flask and washed with tap water. Depending on the quantity of epiphyton, the sample concentration was adjusted to a convenient dilution volume (~50 ml) for quantification. The sample was then dispersed by magnetic stirring, and a 200 µl aliquot was placed in a Sedgwick-Rafter chamber. (2) For multilayered communities, dispersion was impossible because of the intertwining of these forms during stirring. Thus, quantification was carried out by first identifying the particular physiognomies of the different algal assemblages under the stereoscopic micro scope and then estimating a percentage of coverage for each of them. A determined area of each physiognomy was finally removed with fine forceps and placed between a slide and a 1.8 × 1.8 cm 2 cover slip.
Quantification, using the Sedgwick-Rafter chamber, was performed in random fields (Rott 1981) until the minimal area for each sample was reached (Modenutti & Balseiro 1995) . For the slide counts -those involving an examination of at least 50% of the slide surface along strips -the densities were estimated by calculating the percentage of the total area occupied by each physiognomy, as has been fully detailed by . In both methods, a magnification of 400 × was used for the smallest organisms (up to 40 µm) and 200× for the larger ones (Rott 1981) ; no fewer than 400 individuals per sample were counted, to give an error ≤10% in the quantifications (Lund et al. 1958) .
Abundance (ind. m −2 of substrate) of micro-and macroinvertebrates was recorded at each degree of magnification. A verification of grazing by macroin- vertebrates on the periphyton (as indicated by snail trails or gaps in the periphyton mat) was made by observing the bulrush sections under a stereoscopic microscope.
We expressed algal densities as the number of individuals cm −2 of substrate, considering each colony and each filament as an individual. In both instances, the delimitation of individuals was problematic; thus, a so-called natural counting unit (Acker 2002) had to be adopted for each particular species (e.g. Aphanocapsa holsatica with 50 cells = 1 individual). Only live organisms, identified as living according to Burkholder & Wetzel (1989) , were quantified.
During the quantification, size measurements were taken for biovolume calculations. When a species showed a wide range of sizes, the biovolumes were calculated according to size classes (Rott 1981) . The average biovolume of each species was estimated for each sampling date.
Algal pigment concentrations, abundances, and biovolumes were expressed in cm 2 of substrate. The area of each section of stem was determined using the formula for the frustum of a right cone.
The Shannon-Wiener diversity index (H ', see Margalef 1974) and Pielou's evenness index (J ') were calculated from the epiphyton density and from the total number of species recorded on the entire stem surface of all of the plants at each site on each sampling occasion.
The epiphyton was characterized based on the average data from each vertical profile. According to the preliminary values, the communities had a higher biomass and species richness at the portions of stems between the depths of 29 to 36 cm. Thus, when the physiognomy and architecture were characterized, the data from this sector of the stem were used as representative of the composition of a welldeveloped community.
Statistical analysis
Except for transparency, the mean values of the 5-level vertical profile of water physicochemical parameters and planktonic chl a concentra tions were used in all of the tests . Whenever necessary, the data were transformed to log 10 (x + 1) values or to square roots to meet the assumptions of the form of the parametric statistical analysis used.
The relationship between the water-quality variables and the sites was tested using principalcomponent analysis (PCA) with MVSP 3.1 (Kovach Computing Services).
The differences between the epiphyton variables in the samples from the 2 sites were tested using either 1-way ANOVA, when the normality and variance-homogeneity assumptions had been met by the raw or transformed data, or a Mann-Whitney nonparametric U-test, when the data could not be made to meet those assumptions. Both tests were performed with SPSS 8.0.
The differences between the epiphyton variables in the samples from different periods were tested using an ANOSIM analysis. These data were transformed (square root or log 10 ) and standardized. The normalized Euclidian distance was used as the similarity index, and 10 000 permutations were run to calculate the significance level of the sample statistic R. The analysis was carried out using PRIMER 5.2.9.
The epiphyton variables were then correlated with the sample scores of the first and second axes of the environmental PCA analysis using a nonparametric Spearman correlation index (r S ) to relate the epiphyton parameters to the environmental dynamics using SPSS 8.0.
RESULTS
Environmental variables
The sampling period was characterized by 3 heavy rainfalls: August 2001 (191 mm), October 2001 (223 mm), and March 2002 (515 mm; this last rainfall being the highest monthly record in the previous 25 yr). Soon after each rainfall, we recorded increases in the hydrometric levels (Fig. 2a) . The resulting greater water volumes, in turn, were accompanied by decreases in the conductivity and ion concentrations. In contrast, the evaporation occurring during the following summer produced a drop in water levels that elevated these variables.
Changes also resulted in the SECS per stem in relation to variations in the hydrometric level and increases in stem diameter throughout bulrush growth (Fig. 2b ). Bulrush density was higher at Stn 1 (9 to 81 stems m −2 ) than at Stn 2 (5 to 17 stems m −2 ) throughout most of the study period. At Stn 1, the densities started to in crease in October, reached a maximum in February, and then decreased after the heavy rainfalls in March. At Stn 2, the densities were relatively low on all of the sampling occasions (Fig. 2b) .
Marked variations in the development of submerged macrophytes were recorded in October and March. The plants started to grow in October, reaching the maximum percent coverage in January (13 and 50% at Stn 1 and Stn 2, respectively). In March, a severe reduction in the macrophyte stands in the deeper zones left the stands near the shores as the remaining plants but at a lower density coincident with the elevation in the water level.
After the October and March precipitation events, changes in most of the environmental and biological variables occurred, particularly an increase in the TP concentrations in October (Fig. 2c) . The TP values at both sites varied from 286 to 289 µg P l −1 from July through September to 394 to 664 µg P l −1 in October and November. Afterward, the concentrations dropped to 101 to 249 µg P l −1 from December through February. The March input of a large volume of rainwater was associated with the minimum TP values observed in the study (95 to 102 µg P l −1 ). From September to October, a drop in phytoplankton chl a concentration from 64.1 to 65.5 mg m −3 to 6.7 to 14 mg m −3
was also recorded at both of the sites. During October, the increase in water transparency (Fig. 2c ) and diminution in suspended-solid concentrations were related to the decrease in phytoplankton biomass. The physicochemical parameters recorded at both of the sampling stations throughout the year were similar (Table 1) .
The changes recorded in the shallow lake during the study period were well reflected in the PCA biplot (Fig. 3) constructed from the mean values per site per sampling occasion. The variables that had the greatest contributions on the first axis (accounting for 55% of the variance) were the transparency on the positive sector and the suspended solids, TP, and conductivity on the negative sector. Temperature and pH contributed the most to the positive sector of the second axis (accounting for 24% of the variance). The samples distributed along the first axis fell mainly into 3 groups: (1) July through September, (2) October through February, and (3) March through June. The distribution of the samples among these monthly periods coincided with changes in the variables used for the ordination, i.e. from turbid to transparent water and from higher to lower conductivity and TP concentrations. In contrast, the ordination of the samples on the second axis coincided with the changes in the temperature and the pH. The spring and summer samples were located on the positive sector of this axis. The samples collected in June, because of lower temperature and pH values, became separated from the rest (Fig. 3) . The third axis gathered the variation resulting from the TP levels (accounting for 17% of the variance).
Epiphyton: general trends
A total of 145 taxa were identified, with 36% belonging to the Chlorophyta, 32% to the Heterokontophyta (mostly the Ba cil lariophyceae), 28% to the cyanobacteria, and the rest to the Euglenophyta (3%) and Dinophyta (1%).
The minimum total species richness (on the basis of all of the species found along the vertical profile) occurred during the first 4 mo. The species richness increased in November, with the higher values in the following months (50 to 70 species) related to an increase in the number of species from the 3 dominant groups (cyanobacteria, Chlorophyta, and Bacillariophyceae; Fig. 4a ).
The average density increased during October and November (up to 9.30 × 10 5 ind. cm −2 at Stn 1 and 8.48 × 10 5 ind. cm −2 at Stn 2). During the rest of the sampling period, this variable ranged be tween 6.10 × 10 4 and 2.68 × 10 3 ind. cm −2 in both sta tistics. The density values in February at Stn 2 (Fig. 4b) resulted from the development of filamentous taxa, such as Spirogyra and Oedogonium, and coincided with the highest average total biovolume (11.4 × 10 9 µm 3 cm −2
, Fig. 4c ). The total biovolume was lowest from July through September (0.14 to 0.33 × 10 9 µm 3 cm −2 ) and then tended to increase for the rest of the sampling period, especially through the more abrupt increments of October and April immediately after the heavy rainfalls (Fig. 4c) . Although a marked increment in the average total biovolume was ob served in October, an increase in the average biovolume per individual was not recorded until December (Fig. 4d) ) but then increased in October to become almost 57-fold higher than in September and at that time constituted the maximum value for the entire study period (9.3 and 10 µg cm −2 at Stns 1 and 2, respectively). Thereafter, from November on, the chl a concentrations ranged from 2.1 to 5.8 µg cm −2 (Fig. 4e) . The phaeopigment concentrations were low at both sites (maxima at 2.4 and 0.8 µg cm −2 for Stns 1 and 2, respectively) and generally higher at Stn 1 than at Stn 2. The pigment indices were > 80% on almost all occasions (Fig. 4f) .
H ' ranged from 1.16 (Stn 1 in August) to 2.92 (Stn 2 in January). The minimum and maximum J ' were likewise recorded at these same sites and in those same months, at 0.33 and 0.72, respectively. Lower values were observed from August to October, and higher values were found from November to March (Fig. 4g,h ). This pattern is especially evident when these values are compared to the average diversity and evenness (H ' = 2 and J ' = 0.5). After the heavy autumnal rainfalls, the 2 variables dropped to similar average values as at the beginning of the study in July. In summary, the trends over the year recorded for the total species richness, total biovolume, average biovolume per individual, chl a concentration, H ' and J ' were all similar. For all of these variables, lower values were recorded during the first 3 or 4 mo of the study period and higher values starting in November or December. The density and the pigment index followed different patterns of variation.
The differences between the samples from Stn 1 and Stn 2 were neither graphically evident nor statis- Although the overall properties of the communities at the 2 sites were not distinguished statistically, an evident contrast between the values during the first 3 mo and those of the rest of the study period could be observed graphically for the chl a concentration and the total biovolume (Fig. 4) . The differences of the total species richness, J ', and consequently H ' were less marked but nevertheless evident. An ANOSIM test was therefore conducted to investigate whether the differences between these 2 time periods were significant. Upon consideration that the environmental variables showed differences among 3 periods (July through September, October through February, and March through June), instead of simply 2 periods, in relation to the 2 major rainfalls that occurred, a 1-way ANOSIM analysis was also designed to account for possible variation in the epiphyton parameters in the 3 periods. The independent variables selected for the analysis were the total species richness, total density, total biovolume, and chl a concentration. Although global R was low (0.28), the value was significant (significance level = 0.1%), indicating that there were differences among the groups of samples tested. These differences were significant between the first period and both the second and the third periods (Period 1 vs. Period 2: R = 0.4, significance level = 0.9%; Period 1 vs. Period 3: R = 0.7, significance level = 0.01%). In contrast, differences between the second and third periods were not significant (R = −0.04, significance level = 63%). This result showed that the dynamics of the epiphyton variables followed -if only moderately -the turbidvs. clear-water periods but not the changes that occurred after the March rainfalls, as stated above.
This tendency was also verified when the data of different epiphyton variables were compared to the first-, second-, and third-axis PCA scores in Fig. 2 . The total species richness, H ', phaeopigment concentration, total biovolume, and the average biovolume per individual were significantly correlated (p < 0.05) with the scores of the first axis involving the decreasing tendencies in turbidity, conductivity, and TP levels. Density and the chl a concentration were strongly related to the sharp change in the TP levels occurring during October, as shown by the significant r S coefficients for the third-axis scores (p < 0.05; Table 2 ).
The changes in biomass and diversity over time described above coincided with strong modifications in the physiognomies and compositions of the communities analyzed. Table 3 lists the presence or absence of the most abundant species by taxonomic group. From July to September, the epiphyton formed singlelayered associations, dominated by a complex of 2 Gomphonema species (i.e. the G. parvulum/G. gracile complex sensu Schoeman et al. 1984) characterized by growth on short stalks. In this architecture, colonies of Halamphora veneta (Kützing) Levkov and Cosmarium sociale Woronichin, along with short filaments of Heteroleibleinia pusilla (Hansgirg ex Hansgirg) Anagnostidis & Komárek and thin filaments of Oedogonium sp. aff. sphaerandrum Wittrock & Lundell were the principal structuring species. Then, as a result of the different changes in composition that occurred between October and November, the communities began to gain height, and multilayered physiognomies became observable up to the end of the study period. In these structures, large filaments of 2 species of Spirogyra (S. puncticulata Jao and Spirogyra sp. 2; Table 3 . Species presence-absence data. Only the species that represented 5% or more of the total abundance of a sample belonging to either of the sites or any of the sections or sampling dates are considered. (+) present, (blank) absent. A species present in one place but not in the other is considered to be present (+). Growth form: (C) Colonial, (F) Filamentous, (U) Unicellular
After the October perturbations, the micro-and macrofauna also started to increase. Chironomid larvae, living in tubes on the bulrushes, appeared in November and reached their maximum in December at Stn 1 (140 tubes per bulrush stem). By January, most of the tubes were empty, and finally, in February, almost none were attached to the bulrush stems. We found neither snails nor shrimp and no signs of grazing activity by those animals. The rhizopods and ciliates were present in low abundances (fewer than 100 ind. cm −2 substrate most of the time), and their principal food, without any selection being evident, was the algae dominant on each sampling date (e.g. Gomphonema spp. and Nitzschia amphibia).
DISCUSSION
Epiphyton variations in space and time
Numerous authors have found significant differences in epiphytic-biomass variations over space and time (Cattaneo & Kalff 1980 , Jones & Mayer 1983 , Albay & Akcaalan 2003 , Liboriussen & Jeppesen 2006 , Poulícková et al. 2006 , Dos Santos et al. 2008 . In Lacombe Lake, the similarity between the 2 sites in relation to epiphyton structure did not coincide with the observations previously reported for other lakes. For example, Roos (1983a,b) and Kairesalo (1983) found, in European lakes, that the epiphyton composition between the central portion of emergent-plant stands (with higher stem densities) and the peripheral zone (with lower stem densities) was different. These authors argued that a more intense influence of climatic conditions (e.g. wind, wave action, and solar radiation) on the border zone was responsible for that difference. Notwithstanding, in Lacombe Lake, the bulrush density in the central part of the stands may well have been insufficiently elevated (<100 stems m −2 ; Cano 2009) to produce differences in periphyton composition and abundance between these 2 sectors. Because the stem densities in the present study were lower than the threshold value defined by Cano (2009) throughout the entire period, we consider that the similarity in environmental conditions resulting from this lower density difference is likely the principal reason why we failed to detect differences between the peripheral and central parts of the bulrush stands.
With respect to time, our analysis of the environmental variables at both of the sampling sites resulted in a discrimination of 3 periods that coincided with the equilibrium states previously identified by Casco et al. (2009) on the basis of data gathered at 4 sampling points plus a consideration of the biological variables that were necessary for the establishment of equilibrium.
The types of epiphytic communities observed in this seepage lake (single-layered and multilayered) coincided with the turbid-and clear-water states, respectively, and each lasted for a relatively long period. Other authors have found that periphyton communities may have turnover rates of close to 4 wk (e.g. Phragmites australis; Albay & Akcaalan 2003) or even 2 to 3 wk (e.g. Equisetum fluviatile; Kairesalo 1983) . In Lacombe Lake, the single-layered assemblages dominated over a period of 3 mo (the turbidwater period). Next, the multilayered communities maintained themselves without major changes for over 6 mo (the entire clear-water period). Furthermore, as the phaeopigment concentrations and the pigment index indicated, both types of communities remained in a relatively good physiological state with no accumulation of senescent organisms. These findings suggest that periphyton communities may become quite stable, even in the face of perturbations. Moreover, even though the August and March precipitations during the turbid-and clear-water periods, respectively, may have compromised this stability, the physiognomies, species compositions, and physiological state of the assemblages persisted after those perturbations. Thus, the periphyton presented a dual-period variation pattern (i.e. turbid to clear) in contrast to the 3-period dynamic observed by Casco et al. (2009) for the phytoplankton.
Factors that affect epiphyton biomass and composition
The variation in the epiphytic community parameters during the study period coincided in time with (1) the gradual changes over the entire year from conditions of greater turbidity and conductivity along with higher TP concentrations to clearer water with lower conductivity and nutrient concentrations and (2) the October perturbations related to underwater light-climate improvement and an increase in the TP levels . This relationship, together with the absence of signs of high grazing pressure, suggest that the key influences structuring the epiphyton assemblages in Lacombe Lake were environmental variables. The scarce amount of grazing recorded may be related to the central location of the Schoenoplectus stands and the particular physiognomy of those plants, which forms a poor refuge for invertebrates and omnivorous fish from predators. Our results are in agreement with those of Meerhoff et al. (2007) , who speculated that the biomass of periphyton from submerged and floating macrophytes in subtropical lakes is controlled more by environmental variables (temperature, light, nutrients) than by shrimp grazing or the physical damage produced by omnivorous fish.
Light
Underwater light availability varies with radiation intensity and photoperiod throughout the year but is also related to phytoplankton density (Lowe 1996 , Liboriussen & Jeppesen 2006 , the amount of detritus and inorganic suspended solids (Scheffer 1998) , and the presence of submerged and emergent macrophytes (Kiss et al. 2003) . In Lacombe Lake, during the first 3 mo of our study, lower epiphyton biomass values and a lower species richness and evenness, and thus a lower diversity index, all coincided with the higher phytoplankton (chl a) concentrations that promoted a turbid period ). The biomass peaks of phytoplankton and epiphytic communities have been generally found not to overlap in time (Roos 1983a , Hodgson et al. 1986 , Karosiene & Kasperoviciene 2008 , Sánchez et al. 2010 . As a possible explanation with respect to our study, the effect of phytoplankton overshadowing on the epiphytic community might have initially been pronounced during the turbid-water period, but upon the development of the submerged-macrophyte stands be tween September and October, the light climate later became more favorable for epiphyte growth. Because the density of emergent macro phytes and the cover of submerged plants were low at both of the sampling sites, their shadowing influence on epiphytic growth was even more unlikely.
Nutrients
Nutrient concentrations are a crucial variable for the quantity and quality as well as the spatial and seasonal distribution of periphyton in lentic environments (Lowe 1996) . Epiphytic biomass increments occurred in conjunction with the TP concentration peaks in October and November. In some temperate lakes, a larger biomass of filamentous chlorophytes has been related to higher TP levels in water (Cattaneo 1987) . A similar relationship was observed in Lacombe Lake, as manifested by an increment in the density and biovolume of Oedogonium sp. aff. sphaerandrum and Stigeoclonium sp. aff. tenue in October and of Oedogonium inversum and Spirogyra species in November.
The concentrations of TP (and in particular its soluble reactive fraction), total inorganic N, and reactive silica recorded throughout the study period may not have been limiting for algal development at any time ). High concentrations of TP were found to coincide with lower epiphytic biomasses during the more turbid period. This fact suggested that the epiphytic biomass development in October was probably more strongly dependent on the improvement in the light climate at that time. Increments of TP in the water may have simply helped to enhance the light-climate-related growth stimulation. Consistent with this notion, Liboriussen & Jeppesen (2006) proposed that periphyton production depended on a combination of both nutrients and light availability when the epiphytes had access to the same type of substrate within the water column in 2 temperate lakes.
In Lacombe Lake, the decrease in TP from November onward coincided with increases in the epiphyte total biovolume, mean biovolume per individual, and biomass (measured as chl a content). The decline in TP also coincided with an increment in the bulrush stem densities at Stn 1 and the submergedmacrophyte growth at both sites. These biomass increases, also benefited by temperature conditions and light improvement, might be a manifestation of the subsequent utilization of the earlier phosphorus peak by the primary producers of the ecosystem.
Submerged plant surface available for epiphyte colonization
The SECS may vary in accordance with the water level as well as with the growth or death of the host plant. Peterson (1996) pointed out that perturbations operating on a large scale, such as an abrupt rise in water level, might significantly alter the density and taxonomic composition of the pool of immigrant species. The increases in water level during August and March made a large amount of newly submerged plant surface available for epiphyte colonization, constituting a resource ready for use (Lowe 1996) . New opportunities may have been generated for not only the species that were already present but also the immigrants from other communities or even from other lakes. Nevertheless, after both of the waterlevel increases in August and March, the characteris-tics of the taxonomic composition and the physiognomy of the communities remained essentially similar to those that had been recorded in the months prior to those precipitations. The change in the epiphytic communities started to occur after the October rainfall, when the increase in water level was not as high as those recorded during August and March. At this time, the underwater light climate became more favorable, and the temperature and TP concentrations increased. Substrate availability (from the macroscopic standpoint) may be relevant to periphyton development when that resource is scarce. Although 2001 to 2002 may not have been a high-production year for bulrushes in Lacombe Lake, this resource cannot be considered as scarce. Consequently, the substrate availability at a macroscopic scale per se did not bring about the community change in October, although the effects of this resource may have combined with the influence of increased amounts of light and nutrients subsequent to the critical rainfall. Moreover, the communities present before the perturbations were capable of subsequently reorganizing themselves, both on the already colonized surface and on the newly available areas, without significantly altering their architecture or taxonomic composition.
CONCLUSIONS
The intensity of a perturbation coupled with the resilience of the community that has developed previously is a critical consideration because, after the disturbance, communities that are relatively stable sensu Holling (1973) will tend to reorganize themselves within the new submerged available surface in much the same manner as they had been organized before the intervention.
The most significant finding of this investigation is that epiphyton assemblages can maintain a degree of relative stability after disturbances for prolonged periods of time, in spite of their members' inherent ability to reproduce rapidly and the consequent possibility of rapid changes in epiphytic community structure and functioning in response to perturbations. Two stable communities, moreover, coincided with the 2 stable states developed at the subtropical Lacombe Lake. The epiphyton variables correspond to the major changes at the systemic level, although less closely than did the phytoplankton community, which responded in a 3-phase pattern of variation. The passage from one type of epiphytic community to another at Lacombe Lake occurred within the context of a radical change in environmental variables that consisted of a long-lasting improvement in the light climate and temporary increase in nutrients related to the heavy rainfall in October.
